ABSTRACT
INTRODUCTION
Radical dietary shifts in many developed and developing nations are supplanting traditional patterns of eating with a western diet high in animal meat products and refined carbohydrates and low in whole grains, fruits, and vegetables [1] .
Raw meat is any type of uncooked muscle tissue of an animal used for food. In the meat production industry, the term "meat" refers specifically to mammalian flesh, while the word "poultry" and "seafood" are used to distinguish between the tissue of birds and aquatic creatures [2] .
Meat has long been known for its nutritive composition and that is the reason why it is being consumed by many people worldwide. It has also been proved that protein and vitamins (A and B12) in meat could not be substituted for by plant sources, which further justifies the nutritive importance of the former [3] . Notwithstanding the major role meat play in our meals, it can also serve as a rich medium of growth for harmful microorganisms.
Meat infected with microorganisms is the cause of many food-borne diseases [4] . The source of these pathogenic microorganisms may be the animals themselves or from outside.
Most food-related illnesses are attributed to one of five major groups of pathogenic bacteria. These five groups are: Salmonella, Shigella, Clostridium botulinum, Clostridium perfringens, Bacillus cereus, and Staphylococcus aureus. These have been joined by other emerging pathogens such as: Yersinia enterocolitica, Escherichia coli, Listeria monocytogenes, and Campylobacter jejuni. Salmonella infections in humans often result from the ingestion of contaminated foods, such as poultry, beef, pork, eggs, milk, seafood, and flesh produce.
Antibiotics have helped in reducing diseases in animal husbandry; however, there is a growing awareness of public health concerns associated with the use of antibiotics [5] . Carraminana et al. [6] reported that 40% of the antibiotics produced in the United States were used in stock feeds. The widespread use of various antibiotics for treating animal infections has created antibiotic resistant bacterial strains [7] [8] . Antimicrobial resistance is one of our most serious health threats. Infections from resistant bacteria are now too common and some pathogens have even become resistant to multiple types or classes of antibiotics.
Plasmids are major mechanism for the spread of antibiotic resistant genes in bacterial populations [9] . Conjugation occurs by F-plasmids that can transfer genes encoded for multiple resistance and mobilize other non-conjugative plasmids to host cells. Multiple resistance genes are harbored on R-plasmids some of which are conjugative [10] . The reservoir of resistant bacteria in food animals implies a potential risk for transfer of resistant bacteria, or resistant genes from food animals to humans [11] . In developed countries, stringent control of antibiotic use coupled with effective surveillance of antibiotic resistance patterns in the population, have successfully reduced the prevalence of antibiotic resistance to these agents [12] . The situation in the developing countries like Nigeria is however different, where antimicrobial agents are readily available to people in local drugstores without prescription [13] . Such practice has led to misuse of antibiotic resistance among isolates from animal and food sources [14] .
Hence, this study aimed at ascertaining the current prevalence rate of pathogenic isolates from meat samples sold in Ibadan metropolis, Oyo State, Nigeria and their treatability to common antibiotics. The information here will also aid in mapping out preventive strategies against some microbial infections.
MATERIALS AND METHODS

Sample sites and collection
The samples collected were fresh raw meats which included; pork, goat, beef, and chicken meats. The samples were collected from different butcher open shops at four different market locations in Ibadan metropolis, Oyo State, Nigeria. The market locations are; Bodija, Dugbe-Mokola, Aleshinloye, and Oje-Bode, and these market location collection points are used to group the raw meats collected.
A total of 16 fresh raw meats samples were collected from the four market locations. Meat samples were obtained as offered to the consumer and taken to the laboratory of the Microbiology Department in University of Ibadan for microbial analyses.
Isolation procedure
Isolation of the microorganisms was done according to the modified method of Harrigan and McCance [15] , where 10g of the meat sample were weighed and then blended with Lab stomacher and was then added into a 90ml sterile distilled water, which was then homogenized by hand shaking thoroughly. It was serially diluted using serial dilution technique and the different diluents factor were plated out on different media, which were then incubated at their appropriate temperature.
Characterization of bacterial isolates
The bacterial test organisms were checked for purity, subjected to various morphological, biochemical and sugar fermentation tests to confirm their probable identity. The results were recorded and their probable identities were confirmed with reference to Bergey's Manual of Determinative Bacteriology [16] .
Pathogenicity testing of the organisms
DNase and blood heamolysis tests were done to check for the pathogenicity strength of the isolates. For DNase test, the isolates were cultured on a DNase agar plate and incubated for 24hours after which it was flooded with Conc. HCL. A clear zone around the inoculum indicates that the isolate was DNase positive. While for blood heamolysis testing, nutrient agar medium was sterilized and cooled to 45 0 C, then 5% human blood was added and mixed thoroughly. It was then poured into petri dish and allowed to solidified and dried. An overnight growth isolate was then streaked on the dried blood agar plate and incubated for 24hours. The result was recorded based on partial, complete, or no haemolysis [17] .
Proximate analyses of the meat samples Samples were analyzed chemically according to the Official Methods of Analysis described by the Association of Official Analytical Chemist [18] . All analyses were carried out in triplicate.
Determination of Antibiotic Susceptibility pattern of the isolates
The standard disk diffusion method according to Clinical Laboratory Standard Institute, CLSI [19] guidelines was applied for antimicrobial susceptibility testing. Commercially available Gram negative multi-disks Rapid labs® comprising of Ceftazidime (30 μg), Cefuroxime (30μg), Gentamicin (10μg), Ciprofloxacin (5μg), Amoxycillin/Clavulanate (30μg), nitrofurantoin (300μg), Ampicillin (10μg) and Ofloxacin (5μg), and for Gram positive organisms, a Rapid labs multi-discs was also used containing Ceftazidime (30μg), Cefuroxime (30μg), Gentamicin (10μg), Ceftriaxone (30μg), Erythromycin (5μg), Cloxacillin (5μg), Ofloxacin (5μg) and Augmentin (30μg). Also, other four single discs of Oxoid product were used to test for the antibiotic susceptibility of the chosen isolates, which includes; Tetracycline (10 μg), Nalidixic acid (30 μg), Chloramphenicol (30 μg) and Trimethoprim (5 μg).
A sterile loop was used to pick an overnight nutrient agar culture of the pure colonies and was inoculated into a sterile normal saline in a test tube. The turbidity was then compared with 0.5 Mcfarlan standards. A sterile swab stick was used to pick the inoculated isolate from the normal saline and swab onto a Mueller Hinton Agar plate, after which antibiotic discs were carefully and aseptically placed on the surface of the agar. The plates were incubated at 37 0 C for 16-24hours [20] . Inhibition zone sizes were interpreted using standard recommendations of the Clinical Laboratory Standard Institute [19] .
RESULTS AND DISCUSSION
The result of the microbiological examination of the meat samples sold in Ibadan metropolis, Oyo State, Nigeria shows the occurrence of 12 genera of bacteria out of the 161 isolates obtained, which include; Salmonella, Shigella, Staphylococcus, Micrococcus, Enterococcus, Streptococcus, Yersinia, Proteus, Escherichia, Paracolons, Klebsiella, and Enterobacter. The highest predominant species was Micrococcus followed by Proteus sp., while Escherichia sp. and Salmonella sp. have the same percentage of occurrence of 7.45% across the four locations. This agreed with the result reported by Oyeleke [21] in the microbial assessment of some commercially prepared yoghurt retailed in Minna, Niger State. Table 1 shows the frequency of the isolates obtained from the raw meats across the four locations. Micrococcus luteus had the highest percentage (12.42%) of occurrence which was followed by Proteus mirabilis (9.94%), while Staphylococcus aureus, Streptococcus pyogenes, Yersinia kristensenii, Shigella flexnerii, Proteus rettgeri, Shigella sonnei, Shigella dysenteriae and Proteus penneri had the lowest percentage of occurrence of 0.62%. Turtura [22] also reported that the most frequent coliform present in meat includes Escherichia coli and less frequent strains are the genera of Klebsiella, Shigella and Proteus. This was in agreement with the findings in this study, although E. coli in this study had a low percentage of occurrence of 4.97%. However, the low occurrence of E. coli in this study may be as a result of the culture medium used for its isolation from the raw meats.
The degree of microbial distribution was high in the meat samples. Result in table 2 showed that the total viable count, total staphylococcal count, total enteric count, and total fungal count range from 1.0 x10 6 to 4.6 x 10 8 CFU/g, 5.0 x 10 4 to 1.0 x 10 7 CFU/g, 1.0 x 10 3 to 1.96 x 10 8 CFU/g, and 6.0 x 10 3 to 5.0 x 10 5 CFU/g respectively. This agree with the study of top animal feeds done by Okonko et al. [23] , where the microbial load was more than 10 8 CFU/g. Similar total bacterial count ranging from 1.0 x 10 7 to 9.4 x 10 7 (CFU/g) was also reported in a study on commercially produced yoghurt by Oyeleke [21] . Shigella dysenteriae
The high contamination of this meat may be due to high exposure to dusts from the environment. The high microbial load of enteric and staphylococcal bacteria observed in this study could be as a result of poor hygiene practice by the workers during the meat processing and selling [24] . The high level of total viable count is more than the acceptable level of 10 5 CFU/g count recommended by Meat Standard Committee [25] in the microbiological testing for process monitoring in the meat industry. Thus, it has reached the marginal level where control and critical action is required.
The proximate analysis of the four meat samples obtained revealed that beef contained the highest moisture content (72.19%), followed by chicken (68.86%), which also has the highest crude protein content (24.96%) and Ash content (1.36%). Pork contained the lowest moisture content (46.24%), crude protein content (16.57%) and ash content (0.32%) but had the highest crude fat content of 36.87%. From the proximate analysis of the meat samples as seen in table 3, there was no significant difference between the mean moisture content and crude protein of chicken and goat meat. However, there was significant difference in the mean crude fat of all the meat samples, but no significant difference in their ash content. These components and other factors of the meat provide excellent growth media for a variety of microflora, some of which are pathogens as reported also by Jay et al. [1] . These constituents of meats have also been reported by Heinz and Hautzinger [26] . The pH of the raw meat samples range from 5.85 to 6.63. This pH range serves as the optimum pH for the growth of the microorganisms seen in this study, as reported by many Researchers. Freese et al.
[27] also indicated that pH above 4.4 and 5.0 would promote growth of pathogens. In this study, a total of fifty isolates were selected across the four locations for antibiotic resistance testing. 29 of them were Gram-negative bacteria, while the remaining 21 isolates were Gram-positive bacteria. Figure 1 showed the cumulative antimicrobial profile of the selected isolates. It was found that all the Gram-positive bacteria tested for, were susceptible to more than 50% of the used antibiotics. Some Gram-negative bacteria in this study were also susceptible to the used antibiotics, such susceptible percentage (%) in some isolates include; E. coli (91.67%), Proteus mirabilis (83.33%), Salmonella typhi (58.33%), Shigella boydii (91.67%), Enterobacter intermedius (100%) and Klebsiella pneumoniae (75%). This similar result was also reported by Okonko et al. [23] , where the antibiotic susceptibility patterns of some isolated microorganisms from the poultry feeds sold in Nigeria were done. Their report shown that Staphylococcus aureus and Streptococcus pyogenes were more susceptible (75%) to the most used antibiotics, which was followed by E. coli (72%), and Proteus mirabilis (54%). This was in line with the findings of this study. They also reported that all Gram-negative isolates were resistant to tetracycline and ampicillin (100%). Their report is closely related to the findings of this study of more than 50% Gram-negative organisms being resistance to these antibiotics (i.e. tetracycline and ampicillin). Thus, the antibiotic resistance isolates in the raw meat may also have been obtained by the live animal during feeding. Food is an important factor for the transfer of antibiotic resistance isolates. Such transfer can occur by means of antibiotic residues in food, through the transfer of resistant food-borne pathogens or through the ingestion of resistant strains of the original food microflora and resistance transfer to pathogenic microorganisms [28] [29] .
Staphylococcus aureus seen in this study was observed to be resistance to tetracycline which also is in line with the report by Otalu et al [30] where it was reported that 100% resistance against tetracycline was seen in S. aureus isolated from poultry meat sold in Nigeria. Multidrug resistant S. aureus have been reported several times [31] . S. aureus strains are known to be frequently resistant to antibiotic therapy due to their capacity to produce an exopolysaccharide barrier and because of their location within micro abscesses, which limit the action of drugs [32] . E. coli isolated from the meat samples which were subjected to antibiotic susceptibility testing were found to be susceptible to almost all the antibiotics used in this study. This result was contradictory to the report given by Abdellah et al. [33] where the selected E. coli were resistance to the antibiotics used which include nalidixic acid, trimethoprim, amoxicillin, ampicillin etc. The presence of Klebsiella pneumoniae in this study is also in consonance with the findings of Kim et al. [34] which revealed the prevalence and emergence of multidrug resistant Klebsiella pneumoniae in chicken and the report by Sharma and Chattopadhyay [35] .
The high prevalence of antibiotic resistant bacteria in Nigeria and other developing countries has been associated with several factors including indiscriminate use of antibiotics and due to unregulated access of non-professional to different classes of antimicrobial over-the-counter [36] . Tetracycline, which had the highest resistance in this study, is one of the most commonly available for use as growth promoter and routine chemoprophylaxis among livestock in Nigeria. They are readily available in different dosage forms and in combination with other antibiotics and vitamins. This could explain the reason why most organisms have developed resistance to it [37] .
Antimicrobial use and misuse have been considered to be the most vital selecting force to antimicrobial resistance of bacteria development and spread in both veterinary and human medicine [38] [39] . The public health significance of these findings is that antimicrobial resistant bacteria from food animals may colonize the human population via the food chain, contact through occupational exposure, or waste runoff from meat production facilities to the neighborhood.
Generally, the increased application of antimicrobials in veterinary and human medicine has been implicated as a contributing factor in the emergence of antimicrobial resistant strains. According to Apata [40] , it is the widespread use of antibiotics in the poultry industry that is the main risk factor for an increase in the occurrence of bacterial resistant strains. The high incidence of antibiotic resistance among the bacteria populating poultry and rising frequency of the bacterial strains represent a public health hazard. Applications of antibiotics in animal production bring about an increase in resistance to antibiotics not only in pathogenic bacterial strains, but also in commensal bacteria [41] . In this respect, gastro-intestinal commensal bacteria constitute a reservoir of resistance genes for pathogenic bacteria. Their level of resistance is considered to be a good indicator for selection pressure for antibiotic use and for resistance problem to be expected in pathogens.
The high degree of sensitivity of the isolates to ofloxacin (92%) and gentamicin (94%) observed in this study agreed with the observations done by Mordi and Momoh [42] , and Okonko et al. [43] . These antibiotics may therefore be used as an effective single broad-spectrum antibiotic in treating the infections caused by this type of microorganisms. The high degree of susceptible of microorganisms isolated from packed milk sold in Zaria, Nigeria, to ofloxacin (99.3%) and gentamicin (83%) has also been reported by Umofia [44] . The effectiveness of ofloxacin might be attributed to the fact that the antibiotic is a relatively new antibiotic and has not been extensively used to warrant resistance developing against it by pathogens. Klebsiella pneumoniae in this study was found to be resistant to ofloxacin, ampicillin and nalidixic acid, but is susceptible to tetracycline, chloramphenicol, and amoxicillin. This result is in deviation to what was reported by Umofia [45] .
The plasmid profiling of some of the most antibiotic resistance organisms isolated from the meat samples across the four locations were also done as seen in plate 1. Four out of the 10 organisms were found to contain plasmids of different sizes and numbers. The plasmid molecular weight ranges from about 10.184kbp to 16.394kbp.
These high molecular weights of the plasmids found in these isolates does not help in conferring resistant to the antibiotic used, expect in Shigella dysenteriae, which become susceptible to ampicillin, ceftazidime, and amoxicillin after being cured of its plasmid but still maintained resistance to nitrofurantoin and chloramphenicol. This result is seen in table 4. The susceptibility of Shigella dysenteriae to the antibiotics it was formerly resistance to after being cured of its plasmid, shows that the gene(s) responsible for this resistance to the selected antibiotics is plasmid related. Fang et al., [9] also reported that plasmids are major mechanisms for the spread of antibiotic resistant genes in bacterial populations.
CONCLUSION
In conclusion, the presence of high microbial load in raw meats suggests the need for improved hygiene practices. There were potential virulent multidrug resistance microorganisms in a number of raw meats sold in Ibadan, Oyo State Nigeria. Hence, the need for urgent and constant epidemiological surveillance, with strict enforcement of good manufacturing practices. The presence of these multidrug-resistance isolates may also have evolved as a result of the use of human-used related antibiotics which are used to promote animal growth. These can lead to antibiotic residue on the food from animal origin, in which many isolates may have mutated or received plasmid carrying the resistant genes from other microbes which constituted the microbial load of such meat samples.
Thus, there is a need to check the hygienic condition of the animal house and personnel treating the animal during rearing and slaughtering. Also, the use of antibiotics, especially the ones used by humans, should be substituted with something else such as natural promoting feeds that will not pose a health threat to human, for the animal health growth. The over-used effect of these antibiotics in veterinary sector should also be checked.
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